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(57) ABSTRACT 

Aplastic molding having high accuracy includes at least one 
transfer surface and at least one imperfect transfer portion 
having a concave or convex shape. The mold assembly 
includes a cavity into Which molten resin is injected, a slide 
cavity piece Which is capable of being slid at a prescribed 
time so that a gap is formed betWeen the resin and the slide 
cavity piece, and a vent hole for supplying a compressed gas 
in the cavity. A method of producing the plastic molding 
includes the steps of heating resin to provide a molten resin, 
injecting the molten resin into a cavity of a molding, 
applying a resin-pressure to the molten resin, cooling the 
resin, sliding the slide cavity piece, and opening the mold 
assembly. 

15 Claims, 7 Drawing Sheets 
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PLASTIC MOLDING AND A METHOD AND A 
MOLD ASSEMBLY FOR PRODUCING THE 

SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a plastic molding for use 
in, for example, an optical apparatus, such as a copier, a 
digital copier using a laser system, a laser printer, a facsimile 
machine, an optical apparatus for video camera, or an optical 
disk system, and a method and a mold assembly for pro 
ducing the same. More particularly, the present invention 
relates to a plastic molding such as a plastic mirror or a 
plastic lens having a large and uneven thickness, and a 
method and a mold assembly for producing the same With 
high accuracy and loW-cost. 

2. Description of Related Art 
An optical element such as a lens or a mirror is used in an 

optical unit of an optical apparatus, such as a copier, a 
printer, a facsimile machine, and so forth. In recent years, 
With the increase of demand for reducing costs of products, 
the base material of such an optical element has generally 
shifted from glass to plastics. Further, an optical element 
having a complicated aspheric surface is frequently formed 
for achieving multi-functions With a reduced number of 
optical elements. Such an optical element is generally 
designed to have a thick and uneven thickness distribution. 

Such an optical element can be produced With loW-cost 
and high mass-productivity using a method by Which molten 
resin is injected into a cavity of a mold assembly or another 
method by Which base-resin is inserted into a cavity of a 
mold assembly, even When producing a peculiar con?gura 
tion. 

For example, an injection molding method and a com 
pression injection molding method are knoWn. According to 
the knoWn injection molding method, molten resin is 
injected into a cavity having a prescribed volume in a mold 
assembly that is controlled to have a temperature loWer than 
a softening point of the resin. Then, the molten resin is 
cooled to solidify under a controlled pressure thereof. The 
solidi?ed resin, or the resulting molding, is taken out by 
opening the mold assembly. 

Generally, in the solidi?cation process by cooling the 
molten resin in the cavity, a temperature or a pressure of the 
resin in the cavity is preferably intended to be uniform, in 
order to produce a plastic molding having a desired shape 
With high accuracy. 

HoWever, in producing a plastic molding such as a lens, 
the plastic molding is deteriorated due to differences of the 
amount of shrinkage Within the volume being molded, 
Which is caused by differences of cooling rates of the resin 
due to the uneven thickness. For example, as illustrated in 
FIG. 12, in producing a plastic lens 3 having a thick and 
uneven thickness, the plastic lens 3 actually formed may be 
caused to sink in a sinking portion. An exemplary vieW of 
such a sinking portion is illustrated in FIG. 13. Namely, in 
FIG. 13, a sinking portion 151 extends Widely and reaches 
not only a side surface (non-transfer surface) 121 but also an 
optical surface (transfer surface) 111. 

In order to overcome such problems related to sinking, a 
pressure of injected molten resin may be increased. In this 
case, the amount of the molten resin is thereby increased. 
HoWever, the inWard deformation of the plastic molding is 
also caused to increase. In particular, When the plastic 
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2 
molding is thick, optical properties thereof are deteriorated 
due to the large inWard deformation of the thin portion. 

According to the compression injection molding method, 
a transfer piece, Which provides a portion of a cavity Wall, 
is con?gured so as to be capable of moving inside a mold 
assembly. The transfer piece is advanced so as to folloW the 
shrinkage of resin ?lled up in the cavity during a cooling 
process of the resin. For example, in producing a lens having 
an uneven thickness, each portion has a difference in amount 
of the shrinkage due to the uneven thickness in the longi 
tudinal direction thereof. The transfer piece is advances in 
compliance With the shrinkage so as to apply a constant 
pressure to the resin. Therefore, the reduction of pressure 
during the cooling process is compensated according to the 
compression injection molding method. 

Accordingly, the molten resin can be injected under a 
loWer injection pressure than that of the above-mentioned 
injection molding method. HoWever, the transfer piece is not 
alWays able to folloW the shrinkage of resin due to uneven 
shrinkage that depends on thickness distribution of the 
molding. Therefore, portions of some moldings are still 
caused to sink. 
From this point of vieW, other studies have been per 

formed to overcome shortcomings of the injection molding 
method and the compression injection molding method. For 
example, according to a method disclosed in the Japanese 
Laid-Open Patent Publication No. 2-175115 or No. 
6-304973, a molding is con?gured so as to sink in a surface 
other than a transfer surface of a mold assembly. The mold 
assembly includes a vent hole provided in a surface other 
than the transfer surface (mirror surface) so that a differential 
pressure betWeen the transfer surface and a portion near the 
vent hole is generated. The differential pressure causes the 
molding to sink only at the portion near the vent hole, 
thereby preventing the molding from sinking in the mirror 
surface. 

HoWever, because the prescribed sinking in the surface 
other than the transfer surface does not occur Widely, such 
a prevention of the sinking in the transfer surface, Which is 
achieved by causing the molding to sink in the surface other 
than the transfer surface, is con?ned to a portion near the 
vent hole. Accordingly, the molding may be caused to sink 
in a portion far from the vent hole. 

Further, still another background mold assembly is dis 
closed in the Japanese Laid-Open Patent Publication No. 
11-28745, Which includes a slide cavity piece providing a 
surface of a cavity other than the transfer surface. A gap is 
forcibly formed betWeen the slide cavity piece and resin 
injected into the cavity When the slide cavity piece is slid in 
a direction aWay from the resin. Therefore, sinking in the 
transfer surface is prevented and inWard deformation is 
reduced to a loW level. 

HoWever, in producing a large molding having high 
accuracy, it is required to intentionally cause the molding to 
sink in a large area. Therefore the area of the cavity piece 
Which is brought into contact With the resin is required to be 
large. In this case, contact-force betWeen the cavity piece 
and the resin becomes large, Which deforms the molding 
When the cavity piece is forcibly separated from the resin. 

Therefore, in producing an uneven, large, or peculiar 
molding by the above-mentioned methods, a thick portion 
neighboring the transfer surface may be caused to sink due 
to differences of the cooling rates. Further, an inWard 
pressure or distortion remains in a thin portion of the 
molding. Accordingly, the accuracy of the shape is deterio 
rated. In particular, the accuracy of optical properties may be 
deteriorated due to an increase of the birefringence of the 
plastics. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention has been made in vieW 
of the above-discussed problems and an object of the present 
invention is to address these and other problems. 

Another object of the present invention is to provide a 
novel plastic molding having high accuracy of a transfer 
surface. 

Yet another object of the present invention is to provide a 
novel plastic molding having a large and uneven thickness. 

Still another object of the present invention is to provide 
a novel plastic molding [With] made at loW-cost. 

Still another object of the present invention is to provide 
a novel method for producing a plastic molding having high 
accuracy. 

Still another object of the present invention is to provide 
a novel method for producing a plastic molding With loW 
cost and high mass-productivity. 

Still another object of the present invention is to provide 
a novel mold assembly for producing a plastic molding 
having high accuracy. 

According to an embodiment of the present invention, a 
method of producing a plastic molding includes a step of 
heating a mold assembly Which includes at least one transfer 
surface, at least one slide cavity piece providing a surface 
other than the transfer surface, and at least one vent hole for 
supplying a compressed gas. The mold assembly is heated to 
a prescribed mold-temperature loWer than a softening point 
of a resin. The slide cavity piece and the transfer surface are 
arranged to form at least one cavity. Further, the resin is 
heated to a prescribed resin-temperature above the softening 
point thereof to melt the resin. Then, the molten resin is 
injected into the cavity so that the cavity is ?lled With the 
molten resin. Further, a resin-pressure is applied to the 
molten resin so that the molten resin is brought into tight 
contact With the transfer surface. Then the resin is cooled to 
a temperature loWer than the softening point, so that the 
molten resin is solidi?ed. 

At a prescribed time during a period of time When the 
resin is cooled, the slide cavity piece is slid in a direction 
aWay from the resin, due to supply of the compressed gas via 
the vent hole so that a gap is forcibly formed betWeen the 
resin and the slide cavity piece. Then, the mold assembly is 
opened so that the plastic molding may be taken out from the 
mold assembly. 

The resin-pressure at the time When the slide cavity piece 
is slid may be equal to or less than 60 MPa (mega-pascal). 
Further, the compressed gas may have a gas-pressure in a 
range of from 0.1 to 2 MPa. 

According to another embodiment of the present 
invention, a mold assembly for producing a plastic molding 
includes a cavity having a prescribed volume, at least one 
transfer surface, and at least one non-transfer surface other 
than the transfer surface. The mold assembly further 
includes a slide cavity piece capable of being slid and a vent 
hole for supplying a compressed gas into the cavity. 

The slide cavity piece provides a surface Which corre 
sponds to the non-transfer surface. 

Molten resin heated to a temperature higher than a soft 
ening point thereof is injected into the cavity under a 
resin-pressure applied to the molten resin so that the transfer 
surface is transfer to the molten resin. Further, the slide 
cavity piece is slid in a direction aWay from the resin in the 
cavity at a time during a period of time When the resin 
pressure is decreased to a prescribed pressure, so that a gap 
is forcibly formed betWeen the resin and the slide cavity 
piece. 

10 

15 

35 

40 

45 

55 

65 

4 
The vent hole may be disposed in the slide cavity piece. 

Alternatively, the vent hole may be disposed betWeen the 
slide cavity piece and a portion of the mold assembly 
adjacent to the slide cavity piece. 
The mold assembly may further include a pressure control 

device for pressing the slide cavity piece in a controlled 
state. The pressure control device is capable of pressing the 
slide cavity piece so that the resin-pressure is controlled to 
be equal to or higher than a prescribed pressure. 

The pressure control device may include a driving mecha 
nism including an oil cylinder or an electric motor. The 
driving mechanism can slide the slide cavity piece. 
The mold assembly may further include a pressure detec 

tor for detecting the resin-pressure in the cavity and a sliding 
mechanism for sliding the slide cavity piece. The sliding 
mechanism slides the slide cavity piece on the basis of 
detected information from the pressure detector. 
A surface of the slide cavity piece that contacts the resin 

may be processed With a surface treatment using a loW 
adhesive material Which has a loW adhesive force With the 
resm. 

A step may be formed in a joint surface betWeen the 
transfer surface and the slide cavity piece. According to yet 
another embodiment of the present invention, a plastic 
molding includes at least one transfer surface and at least 
one imperfect transfer portion. The transfer surface is 
formed by applying a resin-pressure to resin in a cavity of a 
mold assembly having at least one transfer surface. The 
imperfect transfer portion is formed by imperfectly trans 
ferring a shape of the cavity of the mold assembly so as to 
have the concave or convex shape. The imperfect transfer 
portion is located in at least one prescribed portion of the 
plastic molding so as to release a residual resin-pressure and 
inner deformation. The imperfect transfer portion may be 
formed in a portion other than the transfer surface. 

Further, the imperfect transfer portion may be formed in 
an extension-surface of the transfer surface. 

The imperfect transfer portion may be formed so as to 
have a contour located along an edge of the transfer surface. 

The plastic molding may further include a second transfer 
surface. In this case, the imperfect transfer portion may be 
formed in a portion betWeen the transfer surface and the 
second transfer surface so as to have a contour located along 
both edges of the transfer surface and the second transfer 
surface. 
The imperfect transfer portion may be formed in a thin 

portion of the plastic molding. 
According to still another embodiment of the present 

invention, a method of producing a plastic molding includ 
ing at least one transfer surface and at least one imperfect 
transfer portion is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the present invention 
and many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings, Wherein: 

FIG. 1 is a sectional vieW illustrating a mold assembly 
according to an embodiment of the present invention, 
Wherein the mold assembly is operated in one mode of 
operation; 

FIG. 2 is a sectional vieW illustrating the mold assembly 
of FIG. 1, Wherein the mold assembly is operated in another 
mode of operation; 
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FIG. 3 is a sectional vieW illustrating a mold assembly 
according to another embodiment of the present invention; 

FIG. 4 is a sectional vieW illustrating a mold assembly 
according to yet another embodiment of the present inven 
tion; 

FIG. 5 is a sectional vieW illustrating a mold assembly 
according to still another embodiment of the present inven 
tion; 

FIG. 6 is an oblique vieW illustrating a plastic lens 
according to still another embodiment of the present inven 
tion; 

FIG. 7A illustrates a background mold assembly Which 
may be employed in producing the plastic lens of FIG. 6, 
Wherein a slide cavity piece before being slid is illustrated; 

FIG. 7B illustrates the mold assembly of FIG. 7A, 
Wherein the slide cavity piece after being slid is illustrated; 

FIG. 8 is an oblique vieW illustrating a plastic lens 
according to still another embodiment of the present inven 
tion; 

FIG. 9 is an oblique vieW illustrating a plastic lens 
according to still another embodiment of the present inven 
tion; 

FIG. 10 is an oblique vieW illustrating a plastic lens 
according to still another embodiment of the present inven 
tion; 

FIG. 11 is an oblique vieW illustrating a plastic lens 
according to still another embodiment of the present inven 
tion; 

FIG. 12 is an oblique vieW illustrating a background 
plastic lens; and 

FIG. 13 is an oblique vieW for explaining problems of the 
background plastic lens of FIG. 12. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring noW to the draWings, Wherein like reference 
numerals designate identical or corresponding parts 
throughout the several vieWs, preferred embodiments of the 
present invention are noW explained. 

FIG. 1 illustrates a mold assembly according to an 
embodiment of the present invention. The mold assembly 
1A includes a loWer mold 11, an upper mold 13, a ?rst cavity 
piece 41 providing a ?rst transfer surface 21, a second cavity 
piece 43 providing a second transfer surface 23, and a slide 
cavity piece 51. A cavity 101, into Which molten resin 5 is 
injected, is formed by the loWer mold 11, the upper mold 13, 
the ?rst and the second cavity pieces 41 and 43, and the slide 
cavity piece 51. The slide cavity piece 51 provides a 
non-transfer surface. A gas-communication path 61 having a 
vent hole 61A at the front edge thereof is provided in the 
center of the slide cavity piece 51. 

Next, a method of producing a plastic molding using the 
mold assembly 1A is explained. After the mold assembly 1A 
is heated to a temperature loWer than a softening point of the 
resin, the molten resin, Which is heated to a temperature 
higher than the softening point, is injected into the cavity 
101. Then, a resin-pressure is applied to the molten resin 5 
so that the molten resin 5 in the cavity 101 is brought into 
tight contact With the ?rst and the second transfer surfaces 
21 and 23. At a prescribed time during the cooling of the 
molten resin 5 to a temperature loWer than the softening 
point, the slide cavity piece 51 is slid so as to move in a 
direction B aWay from the resin 5 due to the supply of a 
compressed gas 9. The compressed gas 9 is introduced into 
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6 
the cavity 101 ?lled With the resin 5 via the gas 
communication path 61 provided in the slide cavity piece 51. 

Therefore, a gap 91 betWeen the slide cavity piece 51 and 
the molten resin 5 is forcibly formed. Then, the resin 5 is 
further cooled to have a temperature loWer than the soften 
ing point. The thus produced molding is taken out by 
opening the mold assembly. 
The compressed gas is, for example, nitrogen, argon, air, 

or a mixture thereof. In this case, the gas is easily handled 
because it is not dangerous. Also, other kinds of gas may be 
employed. 
The gas-communication path 61 is designed to have an 

appropriate dimension, for example, a diameter in a range of 
from 0.02 to 0.03 mm (millimeter). When the diameter of the 
gas-communication path 61 is excessively large, the molten 
resin injected into the cavity enters the gas-communication 
path 61 from the vent hole 61A. When the diameter of the 
gas-communication path 61 is too small, the compressed gas 
9 cannot be supplied smoothly. 

In the method of producing a plastic molding according to 
the present invention, When the plastic molding is formed 
under a loW resin-pressure so as to be caused to sink, the 
compressed gas 9 provided via the vent hole 61A penetrates 
betWeen the resin 5 and the slide cavity piece 51. Therefore, 
the slide cavity piece 51 is easily separated from the resin 5 
to form the gap 91. Once the gap 91 is formed betWeen the 
slide cavity piece 51 and the resin 5 by sliding the slide 
cavity piece 51, contact-force (restraining force) of the resin 
With the slide cavity piece 51 vanishes. Accordingly, a force 
of shrinkage due to cooling of the resin selectively acts 
mainly on the surface the resin that is separated from the 
slide cavity piece 51. 

In addition, because the gas is ?lled in the gap 91, the 
cooling rate of the cavity surface contacting the gas becomes 
smaller than that of the other surfaces. Therefore, as shoWn 
in FIG. 2, a curved surface 141 of the plastic molding may 
be intentionally formed by sliding the slide cavity piece 51 
in a controlled state so as to have concave or convex shape. 

Accordingly, the accuracy of the transfer surface of the 
plastic molding can be improved. In particular, an optical 
element such as a lens that has high accuracy and little 
residual deformation can be produced because the pressure 
of the molten resin injected into the mold assembly can be 
reduced to a loW level. 

The gap 91 is formed betWeen the resin 5 and the slide 
cavity piece 51 by sliding the slide cavity piece at a time 
during a period of time When the pressure of the molten resin 
decreases to a prescribed pressure equal to or less than 60 
MPa (mega-pascal). Further, When the compressed gas has 
a pressure in a range of from 0.1 to 2 MPa, the cavity piece 
51 can be easily separated from the resin 5. 

FIG. 3 illustrates a mold assembly according to another 
embodiment of the present invention. In addition to the mold 
assembly of FIG. 1, the mold assembly 1B further includes 
a pressure control device 73 and an oil pressure cylinder 71 
for applying pressure to the slide cavity piece 51. The 
pressure control device 73 controls the oil pressure cylinder 
71 to provide a driving force of the slide cavity piece so that 
the pressure of the resin in the cavity can be kept higher than 
a prescribed pressure. While the oil pressure cylinder 71 has 
been illustrated schematically, it should be understood that 
it does not block the gas communication path 61. 

Further, the oil pressure cylinder 71 may apply a force to 
the slide cavity piece 51 so that the slide cavity piece 51 is 
?xed or not moved by an initial resin-pressure When the 
molten resin is injected into the cavity. 
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As an alternative to the oil pressure cylinder 71, another 
driving member such as an electric motor may be used for 
sliding the slide cavity piece. 

FIG. 4 illustrates a mold assembly according to yet 
another embodiment of the present invention. In the molding 
assembly 1C, a plurality of grooves for forming a plurality 
of gas-communication paths 63 are formed in side surfaces 
of a slide cavity piece 53. The plurality of grooves may be 
arranged symmetrically. The front edges of the plurality of 
groves correspond to a plurality of vent holes 63A of the 
gas-communication paths 63. The depth of each groove is, 
for example, in a range of from 0.02 to 0.03 mm 
(millimeter). A compressed gas 9 is introduced via the vent 
holes 63A so as to ?ll a gap 91, Where the slide cavity piece 
53 is moved in a backWard direction. The structure having 
the plurality of grooves is suitable for a small slide cavity 
piece in Which the gas-communication path 61 of FIG. 1 
cannot easily be provided therein. In contrast, the plurality 
of grooves are easily formed on the side surface of the slide 
cavity piece. 

In this embodiment, the depth and Width of each groove 
are designed similarly to the embodiment of FIG. 1. In 
particular, the depth and Width corresponding to the above 
mentioned diameter in the range of from 0.02 to 0.03 mm are 
preferred. 

In producing a plastic molding With required accuracy of 
the transfer surface, if the compressed gas reaches the 
transfer surface of the mold assembly, the transfer surface of 
the resulting molding is deteriorated in accuracy. FIG. 5 
illustrates a mold assembly according to still another 
embodiment of the present invention, Which is provided 
from this point of vieW. In the mold assembly ID, a step 81 
is formed in a vicinity of a transfer surface 23 so that a 
compressed gas 9 introduced into a gap 91 does not reach a 
transfer surface 23 beyond the step 81. The height or Width 
of the step 81 is not less than 0.3 mm, although preferred 
height or Width depends on the pressure of the compressed 
gas 9. In particular, When the pressure of the compressed gas 
9 is in a range of from 0.1 to 2 MPa, the height or Width in 
a range of from 0.5 to 1 mm is preferred. 

The mold assembly according to the above-explained 
embodiments may further include a pressure detector for 
detecting a resin-pressure in the cavity. The slide cavity 
piece may be slid on the basis of information on a detected 
resin-pressure generated by the pressure-detector. 

In the mold assembly as explained above, the surface of 
the mold assembly for forming the cavity may be processed 
With a surface treatment for reducing a contact-force 
betWeen the surface and the resin. A material having loW 
adhesive force With the resin is used, for example, TiN 
(titanium nitride), TiCN (titanium cyanide), W2C (tungsten 
carbide), DLC (diamond-like carbon), WC/C (tungsten 
carbide/carbon composite), and Te?on 
(polytetra?uoroethelyne) resin. 
When the contact-force is large, for example, When resin 

having high adhesive poWer is employed, the strong contact 
force may deform the resulting plastic molding. In this case, 
it becomes difficult to separate the slide cavity piece from 
the resin. Therefore, the contact-force is preferably reduced. 

Further, because the TiN, the TiCN, or the W2C provides 
high Wear and abrasion resistance, such a material having 
high Wear and abrasion resistance may be employed for a 
surface for sliding the slide cavity piece, in order to improve 
durability of the mold assembly. 

Next, a plastic molding according to still another embodi 
ment of the present invention is explained With reference to 
FIGS. 6, 7A, and 7B. 
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8 
As illustrated in FIG. 6, a plastic lens 3A (optical element) 

includes a ?rst optical surface[s] 111 (a ?rst transfer surface 
111) and a second optical surface 113 (a second transfer 
surface 113) and a side surface 121 betWeen the ?rst optical 
surface 111 and the second optical surface 113. The ?rst 
optical surface 111 is curved so that a center of the plastic 
lens 3A becomes thick. The second optical surface 113 is a 
?at surface and is disposed opposite the ?rst optical surface 
111. Namely, the plastic lens 3A is formed to have an uneven 
shape. Further, the plastic lens 3A includes an imperfect 
transfer portion 141 Which is formed according to a method 
so as to have a concave or convex shape in the side surface 

121. In this embodiment, the imperfect transfer portion 141 
is formed, for example, using a mold assembly 1E as 
illustrated in FIGS. 7A and 7B. 

Alternatively, the plastic lens 3A (the plastic molding 
according to the present invention) may be formed by 
another method of various types other than the injection 
molding method, for example, a compression molding 
method, a bloW molding method, and so forth. HoWever, the 
injection molding method is preferred because solidi?cation 
of molten resin then begins at a surface thereof ?rst, Whereas 
the interior thereof is still in a molten state. 

Therefore, as described later, it is easy to form an imper 
fect transfer portion at any position by separating the resin 
from the Wall of the cavity. Thereby inWard deformation of 
the lens 3A is reduced and the ?rst and the second transfer 
surfaces can be formed With high accuracy. Accordingly, a 
plastic molding having a large and uneven thickness can be 
ef?ciently produced. From this point of vieW, the injection 
molding method is preferred. Speci?cally, the method of 
producing a plastic molding according to the present inven 
tion is further preferred. 
As shoWn in FIG. 7A, the mold assembly 1E includes, for 

example, a loWer mold 11 and an upper mold 13 for forming 
a cavity 101 con?gured to be opened and closed. The mold 
assembly 1E further includes a ?rst cavity piece 41 having 
a ?rst transfer surface 21, a second cavity piece 43 having 
a second transfer surface 23. A?rst side Wall 31 and a second 
side Wall 33 are also provided in the mold assembly. The 
cavity 101 is formed by the ?rst transfer surface 21, the 
second transfer surface 23, the ?rst side Wall 31, and the 
second side Wall 33. Molten resin 5 is injected into the cavity 
101. In the recess of the ?rst side Wall 31, a slide cavity piece 
55 is provided so as to be capable of being slid forWard/ 
backWard, or toWard/aWay from the cavity 101. The slide 
cavity piece 55 has a contour corresponding to that of the 
imperfect transfer portion 141. 
The mold assembly IE is controlled manually or auto 

matically so as to be opened and closed. Further, the slide 
cavity piece 55 is controlled manually or automatically so as 
to be slid, When the plastic lens 3A is formed by the injection 
molding method. As shoWn in FIG. 7A, as in the ordinary 
injection molding method, molten resin 5 is injected into the 
cavity 101. Then, the molten resin 5 is cooled to be solidi 
?ed. With the progress of the solidi?cation of the molten 
resin 5, a resin-pressure of the resin 5 decreases. When the 
resin-pressure of the resin 5 decreases to a prescribed 
pressure, the slide cavity piece 55 is slid in a backWard 
direction aWay from the resin 5 in the cavity 101, as shoWn 
in FIG. 7B by a means Which is not shoWn. Thus, a gap 91 
betWeen the slide cavity piece 55 and the resin 5 is generated 
according to the method of the present invention. 

Thus, the molten resin 5 injected into the cavity 101 of the 
mold assembly IE is cooled and solidi?ed, contacting 
closely to the ?rst and the second transfer surfaces 21 and 
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23, and the ?rst and the second side Walls 31 and 33 of the 
cavity 101, due to the resin-pressure. When the slide cavity 
piece is separated from the resin, the [separated portion] free 
surface of the resin is deformed according to the resin 
pressure. If the resin-pressure remains at this time, the free 
surface of the resin 5 becomes convex to release the 
pressure, and assumes a shape similar to that of a side Wall 
of the slide cavity piece 55. 

If the resin-pressure is loWer than the atmospheric 
pressure, the free surface of the resin 5 becomes concave due 
to the local shrinkage for separation, and assumes a shape 
similar to the side Wall of the slide cavity piece 55. In any 
case, the imperfect transfer portion 141 is formed on the 
plastic lens 3A. 

The surface of the resin 5 as separated from the Wall of the 
slide cavity piece 55 is a free surface Which can be easily 
deformed. Further, because heat more sloWly escapes from 
the slide cavity piece 55, the free surface becomes hotter 
than other portions Which contact the Walls of the cavity 101. 
Therefore, the free surface is further deformed due to the 
shrinkage of the resin 5 so as to be concave, that is, to cancel 
the conveX shape of the free surface. Therefore, even if the 
free surface just after the separation becomes convex, the 
?nal shape of the free surface is not alWays conveX. In 
particular, because the injection-pressure of the molten resin 
5 into the cavity 101 is required to be small so that the 
residual inWard deformation does not deteriorate the optical 
properties of the lens 3A, a concave portion due to the 
shrinkage by cooling, or a sinking portion, is predominantly 
generated in the separated portion When the molding is 
formed under loW injection pressure. 

According to the injection molding method using the 
mold assembly 1E, in Which the imperfect transfer portion 
141 is formed to be conveX or concave according to the 
resin-pressure at the side Wall of the slide cavity piece 55, 
the plastic lens 3A having a required accuracy of a ?rst 
optical surface 111 and a second optical surface 113 can be 
produced Without residual inWard resin-pressure or defor 
mation. 

Further, When the imperfect transfer portion 141 is formed 
on the side surface other than the ?rst and the second optical 
surfaces 111 and 113, the optical surfaces can be formed 
With high accuracy. In addition, as shoWn in FIG. 7A, the 
?rst side Wall 31 is disposed betWeen the slide cavity piece 
55 and the ?rst transfer surface 21. Therefore, the ?rst 
optical surface 111 is not directly brought into contact With 
the periphery of the imperfect transfer portion 141. In other 
Words, the imperfect transfer portion 141 does not reach the 
?rst transfer surface 111. Accordingly, the plastic lens 3A 
can be formed With loW deformation and high accuracy. 
As to the resin for forming the plastic lens 3A, When 

transparency thereof is required, amorphous resin Whose 
softening point is the glass-transition temperature thereof, 
for example, polymethylmethacrylate, polycarbonate, 
cycloaliphatic acrylic resin, cyclic polyole?ne copolymer 
(for example, GeoneX made by Nippon Geon), and so forth 
may be used. Alternatively, for moldings other than optical 
elements, crystalline resin Whose softening point is the 
melting point thereof may also be used. 
As described above, according to the embodiment of the 

present invention, the plastic lens 3A having the imperfect 
transfer portion 141 can be produced by the injection 
molding method suitable for mass production. The injection 
molding method can produce moldings having a large and 
uneven thickness at a loW-cost comparable to that of the 
moldings having a small thickness. The resulting plastic lens 
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3A has eXcellent accuracy in shape, optical properties, and 
so forth, and has little residual inWard resin-pressure or 
deformation, Which is achieved by the formation of the 
imperfect transfer portion 141. 

FIG. 8 is an oblique vieW illustrating a plastic molding 
according to still another embodiment of the present inven 
tion. 

In FIG. 8, the plastic lens 3B includes a ?rst optical 
surface 111, a second optical surface 113, and a side surface 
121. Areference surface (transfer surface) 131 for setting the 
lens is formed on the longitudinal center of the side surface 
121. Further, a pair of imperfect transfer portions 143 having 
a concave or conveX shape are formed on respective thin 

portions near both sides of the reference surface 131. 
The plastic lens 3B is formed by an injection molding 

method using a mold assembly having a structure similar to 
the mold assembly 1E of FIG. 7A. In addition to the mold 
assembly 1E of FIG. 7A, the mold assembly for producing 
the plastic lens 3B further includes a third cavity piece Which 
provides a transfer surface for forming the reference surface 
131. The third cavity piece is disposed in a recess of a side 
Wall corresponding to the ?rst side Wall 31 of FIG. 7A. 
Further, the single slide cavity piece of FIG. 7A is replaced 
by a pair of slide cavity pieces for forming the pair of 
imperfect transfer portions. The pair of slide cavity pieces 
are identical to slide piece 55, but are disposed in respective 
corresponding positions for forming the pair of imperfect 
transfer portions 143. 
The reference surface 131 is formed When molten resin 

injected in the cavity of the mold assembly is brought into 
tight contact With the transfer surface of the third cavity 
piece. In addition, the pair of slide cavity pieces are slid at 
a prescribed time during a period of time When a surface of 
the molten resin is cooled to be solidi?ed. Thereby a gap and 
the pair of imperfect transfer portions are formed, accom 
panied by either a local release of resin-pressure or a local 
shrinkage for separation. When the local release of pressure 
according to the resin-pressure takes place, the shape of the 
pair of imperfect transfer portions 143 generally become 
conveX. Alternatively, When the local shrinkage for separa 
tion according to the resin-pressure takes place, the shape of 
the pair of imperfect transfer portions 143 become concave. 

Accordingly, the reference surface 131 for setting the 
plastic lens 3B, as Well as the ?rst optical surface 111 and the 
second optical surface 113, can be formed With high accu 
racy in shape. Further, by disposing the reference surface 
131 in the same side surface as the pair of imperfect transfer 
portions 143, accuracy of the setting is surely obtained. This 
is in contrast to the background injection molding method in 
Which a surface including a reference surface may be caused 
to totally sink. The deformed surface cannot provide suf? 
cient accuracy as the reference surface. 

The formation of the pair of imperfect transfer portions 
143 reduces the inWard resin-pressure and the distortion, as 
a Whole. In addition, because the pair of imperfect transfer 
portions 143 are disposed in respective thin portions of the 
plastic lens 3B, the inWard resin-pressure and the distortion 
of the thin portion are locally prevented. Further, because 
total area of the pair of imperfect transfer portions 143 can 
be designed to be large, the depth or height of the concave 
or conveX imperfect transfer portion becomes small enough 
so that the pair of imperfect transfer portions do not nega 
tively affect the transmitting region for the light. 
As described-above, the plastic lens 3B having a reference 

surface in a side surface thereof can be produced With high 
accuracy and reduced inWard pressure or deformation of the 
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thin portion thereof. Namely, the accuracy of optical sur 
faces as Well as that of the reference surface is improved, 
thereby optical properties thereof is further improved. 

FIG. 9 illustrates a plastic lens 3C according to still 
another embodiment of the present invention. The plastic 
lens of this embodiment lacks the reference surface 131. 

FIG. 10 is an oblique vieW illustrating a plastic lens 3D 
according to still another embodiment of the present inven 
tion. In FIG. 10, the plastic lens 3D includes a ?rst optical 
surface 111 and a second optical surfaces 113, a side surface 
121, a ?rst imperfect transfer portion 145, and a pair of 
second imperfect transfer portions 147. The ?rst imperfect 
transfer portion 145, Which replaces the imperfect transfer 
portion 141 of FIG. 6, is formed so as to have a large circular 
contour. Further, the pair of second imperfect transfer por 
tions 147 having respective circular contours are respec 
tively formed in thin portions beside both sides of the ?rst 
imperfect transfer portion 145. The ?rst imperfect transfer 
portion 145 and the pair of second imperfect transfer por 
tions 147 are formed to have a concave or conveX surface. 

The plastic lens 3D can be formed by an injection molding 
method using a mold assembly. In addition to the mold 
assembly 1E of FIG. 7A, the mold assembly includes a pair 
of the slide cavity pieces to produce the second imperfect 
transfer portions 147. Further, the slide cavity piece of FIG. 
7A is replaced by a ?rst slide cavity piece having a contour 
corresponding to that of the ?rst imperfect transfer portion 
145. 

In the method of producing the plastic lens 3D, the ?rst 
slide cavity piece and the pair of second slide cavity pieces, 
Which are disposed in a recess of a side Wall corresponding 
to the side Wall 31 of FIG. 7A, are slid at a prescribed time 
during a cooling process of molten resin so that respective 
gaps are formed. The ?rst imperfect transfer portion 145 and 
the pair of second imperfect transfer portions 147 are formed 
to have either respective concave surfaces due to the local 
shrinkage for separation or conveX surfaces due to local 
release of the resin-pressure. 

Because the ?rst imperfect transfer portion 145 and the 
pair of second imperfect transfer portions 147 can be 
designed to have a suf?cient total area such that the depths 
or heights thereof are small, the optical properties of the 
transmitting portion for light are not negatively affected by 
the ?rst imperfect transfer portion 145 and the pair of second 
imperfect transfer portions 147. In addition, the ?rst imper 
fect transfer portion 145 and the pair of second imperfect 
transfer portions 147 suppress a residual resin-pressure or 
inWard deformation of the plastic lens, as a Whole. In 
addition, the imperfect transfer portion 145 can locally 
suppress the resin stress or inWard deformation of the thin 
portion of the plastic lens 3D. 

Although the circular contour of the imperfect transfer 
portion of the above embodiments is advantageous for easily 
processing the mold assembly, the contour of the imperfect 
transfer portion is not restricted to the above-explained 
embodiments. 

In general, When total area of the imperfect transfer 
portion or portions is large, the inWard resin-pressure or 
deformation is further released, so that the optical accuracy 
is further improved. From this point of vieW, the plastic lens 
3D may further include additional imperfect transfer por 
tions. 

FIG. 11 is an oblique vieW illustrating a plastic molding 
according to still another embodiment of the present inven 
tion. The plastic molding is formed by the method of the 
present invention as explained above. In FIG. 11, the plastic 
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lens 3E includes a ?rst optical surface 111, a second optical 
surface 113, a side surface 121, and an imperfect transfer 
portion 149 formed in the side surface 121 betWeen the ?rst 
optical surface 111 and the second optical surface 113. The 
contour of the imperfect transfer portion 149 is formed along 
respective edges of the ?rst optical surface 111 and the 
second optical surface 113, so that the area of the imperfect 
transfer portion 149 is large. 

Accordingly, height or depth of the imperfect transfer 
portion 149 can be small enough so that the light transmit 
ting portion is not negatively in?uenced. Further, the inWard 
resin-pressure or deformation can be further released. 
Therefore, the optical accuracy is further improved. 

In producing a large plastic molding according to the 
present invention, an imperfect transfer portion may be 
formed for each mirror surface so that the imperfect transfer 
portion is disposed along the contour of the mirror surface. 
Each imperfect transfer portion is designed to have an area 
such that the resin stress or inWard deformation] is prevented 
ef?ciently. Accordingly, a large molding can be produced. 
Further, the large molding can be formed to have uniform 
optical properties With respect to longitudinal direction 
thereof. 

Obviously, numerous modi?cations and variations of the 
embodiments disclosed herein are possible in light of the 
above teachings. It is therefore to be understood that Within 
the scope the appended claims, the invention may be prac 
ticed otherWise than as speci?cally described herein. 

This document is based on Japanese Patent Application 
Nos. 10-258921 ?led in the Japanese Patent Of?ce on Sep. 
11, 199 and 10-292637 ?led in the Japanese Patent Office on 
Oct. 14, 1998, the entire contents of Which are hereby 
incorporated by reference. 
What is claimed is: 
1. A plastic molding comprising: 
at least one transfer surface, the transfer surface being an 

optical surface; and 
a plurality of imperfect transfer portions each having a 

concave or convex shape, 

Wherein at least one of the imperfect transfer portions is 
located in at least one prescribed portion of the plastic 
molding so as to release a residual resin-pressure and 
an inWard deformation of the plastic molding, 

Wherein all of the plurality of imperfect transfer portions 
are formed so as to have a contour disposed apart from 
an edge of the transfer surface, 

Wherein a reference portion for setting the plastic molding 
is provided on a side surface adjacent to the at least one 
transfer surface, and 

Wherein tWo imperfect transfer portions of the plurality of 
imperfect transfer portions are provided on the same 
side surface as the reference portion. 

2. The plastic molding according to claim 1, wherein at 
least one of the plurality of imperfect transfer portions is 
formed in a portion having a thickness less than a maXimum 
thickness of the plastic molding. 

3. The plastic molding according to claim 1, Wherein the 
plastic molding is an optical element. 

4. The plastic molding according to claim 1, further 
comprising a second transfer surface provided opposite to 
the at least one transfer surface, Wherein the at least one 
transfer surface is curved, and Wherein the second transfer 
surface is ?at. 

5. The plastic molding according to claim 1, Wherein the 
plastic molding has a non-uniform thickness along a length 
thereof. 
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6. The plastic molding according to claim 1, wherein at 
least one of the plurality of imperfect transfer portions has 
a convex shape. 

7. A plastic molding comprising: 
a transfer surface; 

at least one imperfect transfer portion having a concave or 
conveX shape, Wherein the imperfect transfer portion is 
located in at least one prescribed portion of the plastic 
molding so as to release a residual resin-pressure and 
an inWard deformation of the plastic molding, the 
imperfect transfer portion is formed in a portion other 
than the transfer surface, and the imperfect transfer 
portion is formed so as to have a contour disposed apart 
from an edge of the transfer surface; and 

a second transfer surface, Wherein the imperfect transfer 
portion is formed in a portion betWeen the transfer 
surface and the second transfer surface so as to have a 
contour disposed apart from edges of both the transfer 
surface and the second transfer surface, 

Wherein a reference portion for setting the plastic molding 
is provided on a side surface adjacent to the transfer 
surface, and 

Wherein tWo imperfect transfer portions are provided on 
the same side surface as the reference portion. 

8. The plastic molding according to claim 7, Wherein the 
second transfer surface is provided opposite to the transfer 
surface, Wherein the transfer surface is curved, and Wherein 
the second transfer surface is ?at. 

9. The plastic molding according to claim 7, Wherein the 
plastic molding has a non-uniform thickness along a length 
thereof. 
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10. The plastic molding according to claim 7, Wherein the 

at least one imperfect transfer portion has a conveX shape. 
11. The plastic molding according to claim 7, Wherein the 

tWo imperfect transfer portions each have a conveX shape. 
12. The plastic molding according to claim 7, Wherein the 

tWo imperfect transfer portions each have a concave shape. 
13. A plastic molding comprising: 
at least one transfer surface, the transfer surface being an 

optical surface; and 
a plurality of imperfect transfer portions each having a 

concave or convex shape, 

Wherein at least one of the imperfect transfer portions is 
located in at least one prescribed portion of the plastic 
molding so as to release a residual resin-pressure and 
an inWard deformation of the plastic molding, 

Wherein at least one of the plurality of imperfect transfer 
portions is formed so as to have a contour disposed 
apart from an edge of the transfer surface, 

Wherein a reference portion for setting the plastic molding 
is provided on a side surface adjacent to the at least one 
transfer surface, and 

Wherein a pair of imperfect transfer portions are provided 
on the same side surface as the reference portion. 

14. The plastic molding according to claim 13, Wherein 
the pair of imperfect transfer portions has conveX shapes. 

15. The plastic molding according to claim 13, Wherein 
the pair of imperfect transfer portions has concave shapes. 


